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ABSTRACT

The precipitation samples of Jeju Island in 2008 had been collected and the
major dissolved ions were analyzed. The analytical reliabilities for the
sampling data by three different methods were in the range of 0.941 ~ 0.991,
showing a good linear relationship. The volume-weighted mean pH was 4.6
and the volume-weighted mean electric conductivity was 27.4pS/cm. The
mean ionic strengths of the precipitation were 0.29£0.20mM. The
volume-weighted mean concentrations of the precipitation components were in
the order of CI' > nss-SOs” > Na' > NOs > H' > NH; > nss-Ca® >
Mg®" > K > HCOO > F > CHsCOO > CH3SOs. The contents of seasalt
components (Na', Mg%, Cl) were about 47% of the total ions. The seasonal
comparison of the precipitation components resulted nss—SO427, NOs, and
nss-Ca”' showing high concentrations in winter and spring seasons, indicating
a reasonable possibility of long range transport of those pollutants from China
continent. The fact that the correlation coefficient between Na' and Cl is
0.996 explains an introduction to the aerosol in Jeju area as NaCl form.
Similarly, the high correlation coefficients of nss—SO427, NO;3;, and NHy
indicates the existence of (NH4)2:SOs and (NH4)NOs; mostly. The acidification
by nss-SO4* and NOs; at Jeju Island showed about 94%, and the free acidity
was in the range of about 33%. The factor analysis showed oceanic > soil =
anthropogenic > biogenic. The backward trajectory analysis shows that the
air masses In case of the upper 25% levels of nss-S0O and NO; have
passed through the China continent before the arrival to Jeju. On the other
hand, the air masses from the North Pacific area have been characterized by
the lower 25% levels of nss-SOs° and NOs concentrations, indicating that
the air masses from the North Pacific are the cleanest among the whole

moved to Jeju Island.
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v RUHY UESZ(EANET)7F &4 7= 7] Al A8t A o Ao kA5
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& 5 mM NaOHS &8+ ts AlEsiA 73 ol 025 mM NaOHS =8+
At} (Andreae et al., 1987, Hofmann et al., 1997; Jaffrezo et al., 1998). 374 A
ARE3 EFE9o FxE F, HCOO, CH3COO, CH3SO; X% 10, 50, 100,

ALY O T
ol Fo] AP A

P

200 pg/LolH, £E& A2 o5 HEFH Ex A=

A Z A8 v Andreae et al., 1987; Brooks et al., 2006).

3. AN =24

AAA A& Nationa Oceanic and Atmospheric Administration (NOAA)oI|
A Al&st= HYSPLIT4 (HYbrid Single-Particle Lagrangian Integrated Tra-
jectory) EHS o]&strk I A A ZMol AMEF T FEHE AR
NOAA®¢ Ew®HF FNL (FiNaL run at NCEP) AR5E o] &3AHAU4E &,
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Table 1. Data quality control (QC) parameters and % imbalance.

Regression result % 1imbalance
Number of point 49 | <10% imbalance 12 25%
Slope 1.318 | 10%-20% imbalance 10 20%
Intercept -11.61 | 20%-50% imbalance 26 53%
Correlation coefficient(r) 0.989 | >50% imbalance 1 2%
1600
v = B3] 8l 11 G
Mo ¥ Reaid@oss 7
1200
3 1000 '_,-
g
= 800 A *
é
—~ 600 ;
100 1 At *
X
200 ‘f"
O T T T T T T T

0 200 400 600 800 1000 1200 1400 1600
TCation( [ EQ/L)

Figure 3. Correlation of Tcaion versus Tanion for ionic precipitation

components.
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Figure 6°1 Z=A18FATE  Omeasurement®l ™2 (OMeasurement™ Ocatcutation)/ OMeasurement” F
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Table 2. List of equations for the calculation of conductivity and acid fraction.

Equation Unit Meanig
gt i .
o=[H MeqH*"" Z([Ion]eqi/leqi) uS/cm Electric conductivity
Aeqy, = Z(we% Aeg;) uS/cm Conc.-weighted
_ average equivalent
Aeqe, = Z(we%/le%c) uS/cm conductivity
AF— [H] i Zeqcat-i—Zqun
[An] [ o = — Acid fraction
— Aeq,,++ Aeq
(5] ¢ ¥
1=
v = 7248t 0.032
R* = (0.886
0.8 =
206 - .
é L Y *
r,.é B L °
E 0.4 B
. L4
il &
02| ewd
.2
Pr;
e
0-0 -’ T T T
0.0 (042, 0.4 0.6 0.8 EQ

AFDH&Canducti\'ﬁ_\-’

Figure 8. Correlation of AFpm & conductivity vVersus AFion Concentration 1N

precipitation.
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Aol AHF F 497 < A EEC] e pH, A7 AEEE
L 8dE Fo ARES BN ABE Table 3o 523k e

pH 73t 74 HXE Figure 99 YelRle o] o H'9] %% pH =4

ﬂl

(N =T

B2 RE AP, HCOs 9 FE: [HCOs =107~ 13 o] whA| 2o o8] 74
39 tH(Avila, 1996; Stumm and Morgan, 1981). ¥ nss-SO.~ 7 nss-Ca”' ¢l H]
9 B4k(non-sea salt sulfate)¥} H]s]9 ZH(non-sea salt calcium)2 2 (7)

I 2 (Bl o3 AAtE grolth.

[nss—SO4# 1 = [SOAT = 0121 % [Na']l e, (7
[nss-Ca®] = [Ca®'] - 0.044 x [Na'l oo, (8)

A (D3 2 ()N A [nss-S04Z ], [nss-Ca’'l, [SOL ], [Ca®], [Na'l= 2+ A%
o] =% (peq/L)E YERAT 283 A4 01217 0.044% 315914 SO. /Na' 3}
Ca*'/Na'e] H|= <ju s}

Table 3. Volume-weighted mean pH, conductivity (uS/cm) and

concentrations (peq/L) of precipitation components.

pH 463 nss-S0,~ 42.0
Conductivity 274 NOs 25.3
H' 23.6 Cl 67.2
NH, 22.2 HCO3 0.21
Na' 39.2 F 1.26
K' 3.36 HCO, 171
nss—Ca®’ 11.7 CH;CO» 1.25
Mg™* 10.6 CH;S0;5 0.11
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Figure 12. Seasonal variations of volume-weighted mean pH, conductivity

and concentrations of ionic components in precipitation.
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Table 4. Volume-weighted mean pH, conductivity (uS/ecm) and concentrations

(neq/L) of components in precipitation during 2003~ 2008.

Species 2003 2004 2005 2006 2007 2008  Mean
No. Samples 57 49 42 50 51 49 -
pH 4.8 4.9 4.8 4.7 4.7 4.6 4.8
Conductivity 179 214 34.6 21.0 23.8 274 24.4
H 16.1 124 17.8 21.4 21.7 23.6 18.8
NH, 28.0 50.9 62.5 25.9 18.8 228 34.7
Na’ 48.7 66.7 103.5 40.1 65.2 39.2 60.6
K’ 1.1 14 6.1 R4 3.5 3P 3.1
nss-Ca”’ 7.0 2.2 12.7 10.5 10.8 11.7 9.2
Mg** 12.2 1] 28.6 114 17.7 10.6 154
nss-SOs~ 20.2 19.1 50.0 374 32.6 42.0 33.6
NO3 14.1 i/ 28.4 21.8 14.8 25.3 20.4
Cl 44.3 70.5 88.5 39.1 85.2 67.2 65.8
HCOs 0.3 0.4 0.3 0.2 0.2 0.2 0.3
F 1.3 2 = 0.2 1.1 1.3 -
HCOO 2.9 4 - 16 0.7 1.7 -
CH3;COO 1.1 - - 0.8 0.4 1.3 -
CH3S03 0.05 - - - - 0.11 -
— 43 -
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Figure 13. Location of EAN Wet Deposition Monitoring Sites.

Table 5. Geophysical conditions of EANET Wet Deposition Monitoring Sites.

Country Name of sites Latitude  Longitude Height Number

Jeju Island 33°26'N 126°33'E 304 m 1
Korea

Kanghwa 37°42'N 126°17'E 150 m 2

Xi'an-Jiwozi 33°50'N 108°48'E 1800 m 3
China

Xiamen-Xiaoping 24°51'N 118°02'E 686 m 4

Oki 36°17'N 133°11'E 90 m 5
Japan

Yusuhara 33°22'N 132°56'E 790 m 6
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Table 6. Volume-weighted mean pH, conductivity (uS/ecm) and concentrations
(neq/L) of precipitation components at Jeju Island and other

comparable sites in 2008.

Country Korea China Japan

Name of sites Jeju Island Kanghwa Xi'an  Xiamen Oki Yushara

Species

pH 4.6 4.6 6.9 4.6 4.6 4.7
Conductivity 274 27.2 34.6 20.9 66.0 114
H 23.6 28.4 0.1 27.9 25.0 21.6
NH, P2 35.4 31.6 33.0 15.7 75
Na’ 39.2 &893 31.1 225 324.0 3.6
K’ 39 5.4 29.0 10.2 119 <1.0
nss-Ca”’ 1187 10.0 527.8 30.2 79 3.0
Mg*' 10.6 2.8 154.5 6.8 73.4 2.2
nss-SO4~ 42.0 25.6 280.9 55.6 32.8 194
NOs3 25.3 31.0 102.6 24.6 19.3 9.0
Ccl 67.2 45.6 53.8 18.6 371.2 10.0
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Table 7. Volume-weighted mean pH, conductivity (uS/cm) and concentrations

(neq/L) of precipitation components at Xi'an site of China during

2003 ~2008.
Species 2003 2004 2005 2006 2007 2008 Mean
pH 6.1 6.1 6.2 B.9 6.9 60 6.4
Conductivity o1.9 29.1 o8.2 69.5 1029 34.6 66.0
H 0.9 0.8 0.6 1.4 0.1 0.1 0.7
NH, 82.7 37.1 37.8 48.6 11.2 31.6 41.5
Na’ 101.8 20. 1. 99.6 65.6 85.8 31.1 69.8
K 213 8.5 217 20.8 28.0 g0 22.6
nss-Ca’' 4549 1749 200.6 4400  690.6 o21.8 424.0
Mg 67.9 33.1 61.9 31.2 97.6 6.8 o8.1
nss-S04~ 168.9  107.3 2294 2482  353.0 280.9 231.3
NO3 42.8 26.4 e 50.7 66.8 102.6 49.8
Cl 70.1 14.8 38.4 33.2 44.1 53.8 42.4

Table 8. Volume-weighted mean pH, conductivity (uS/cm) and concentrations

(neq/L) of precipitation components at OKki island of Japan during

2003 ~2008.
Species 2003 2004 2005 2006 2007 2008 Mean
pH 4.8 4.8 4.6 47 4.6 4.6 47
Conductivity 38.2 58.6 113.1 4717 99.1 66.0 63.8
H 175 159 274 18.7 23.1 25.0 21.3
NH, 8.8 10.9 15.8 12.8 15.7 15.7 13.3
Na’ 1851 2955 602.3 22564 2755 324.0 318.0
K 0.4 9.6 155 6.6 9.1 119 9.7
nss-Ca’' 0.7 11.0 11.0 13.7 154 7.9 10.8
Mg 42.5 68.7 139.8 53.8 63.5 73.4 73.6
nss-SO,* 20.5 23.8 38.5 31.5 39.4 32.8 31.1
NOs 129 17.0 21.8 18.2 23.8 19.3 18.8
Cl 200.7 3214 696.3 2529 3119 371.2 399.1
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b T} 7] FOIA st AL EE A
Q) B4 (H,S0) E o[ FAHILS0) o2 Agd) oldd NEe] s o
o3 e g HAE AAA Lojdrh ] FelA WFe A4
of wrgel ofs) Z1AY WSO WAS T glor], Q)T (Do) WSS WNEF Lol
A dofube A Wl

(1) SOz + + OH = HSOs -
HSO3 + + Oy = SO; + HOO -
SO3 + HO0 = HzSO4

(2) SOz = H0 + H2SO03

(3) SO2 + HyO2 = HoS04

(4) SO, + O3 = SO3 + O
SO3 + H:O = H2S04

g Blze] Adshe FE Al AAH(HNOy) el 2ols (1)9] & A dojd
ok Rkl A (D (2)9] W2 Z1A G E A A, )] wheE 7]l
A AZE NO7F UlE & ol &3 ibgshs dAd whgolth AgHIE

(1) NO + O3 (2= HOO -, ROO ) = NOz + O
NO; + -OH = HNO;

(2) NO; + O3 = NO3; + O
NO; + RH (hydrocarbon) = HNOs; + R
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(3) NO3 + NO; = N:0Os5
N2Os; + H:O = 2HNO;3

2008 AFA S A4 AHAE(free acidity) S FALE] Wk} Aol &5
F W eole FEY P saole FEZVE A4 @) dd AFHHES A

Abeblal, 1 A3E Table 99 =3k lth. 9] 2Aafep #Zo] Ao AAl 444

)
Z,
e
=]
w
q
@
mN
-
o
s

Table 9. Free acidity (%) and Volume-weight mean concentrations

(peg/L) of basic cations and acidic anions in precipitation.

Basic cations Acidic anions
H 236 nss-SO;~ 42.0
NH,' 22.2 NOs 25.3
nss-Ca” 11.7 F 1.26
- - HCOO 1.71
- - CHsCOO 1.25
- - CHsS03 0.11
Total 57.5 Total 71.6

Free acidity 32.9
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Aol A Zrrel AbAstel tid #{7]4ke] 7]edEE HEH San Carlos, Katherine,
Amsterdam A 9 o] Z+2} 66%, 41%, 13% A XE9o| a1, Poker Flat¥?} Bermuda A%
NX = F714He] 7l =7k 8 24 ¥E Adew yeuya v E ous9
Virginia A Goll A= F7]14ke] 16% A= 7]o]3tar i, NADP A5 A= 7]
Akl 717 18%~35% A=l Ao = W E At (Keene et al., 1984). 121}
AFA G B 7714 A3 7o es ol Aol Hl& ddiF oz X
e AGS Hola rh(e]® A, 1999; Keene, 1984; Hong et al., 2011).

Fo el 29 SO, NOy % 9, H 2 F2 97124 NHY,
nss-Ca’ %% & zte] H#AS xAsle] Figure 159 WeERH AT A4 g0l &
FE Fnss-SOL 1+ INOs DI Fael2d @7 deled Fx F(HT+
[NH,']+ [nss-Ca®1) ¥ & ztole] A@rdo] 52 A 248 9 Fae F
2 ol AEEd Ys dojds gug. wiiie 5 F o FuAde] e
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(Kaya et. al, 1997). & A9 A= o5 F

A 2 s vedddd. ol AFAY e AAdstet w3 ko] F
2 olg AEEd Ys JAH o, E e 7o
&5 om 3t (Kang et al., 2009).
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CH;COO~
HCOO~ 1.75%
2.39% CH,S05™

Figure 14. Acidity contribution of acidic anions in precipitation.
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Figure 15. Correlations of Z(INOjs ]+[nss-SO.* 1) versus
S([H'1+[NH, T+[nss-Ca”']) in precipitation.
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7] F9 2 EHAEL UFE NH; CaCOs MgCO; 52 22 4714 &4
o o& TstH™, o] § NHj CaCOso]l =2 Fstol] 7ot e Ao=m <o
Atk olE F EF o Ao FI= A (103 A ADEFH F3AA
(neutralization factor, NF)Z T&te] =2 AES H71E 5 9k 4 10)3 2]
(1D A [nss=SO4° 1, [NOs 1, [NH4], [nss=Ca’'l:= 2zt ald A% ddres

el tH(Galloway et al., 1989).

NF. . = VE] (10)
NHI [nss 1 5042 _] 4t [NO3_] ....................
-
NF lnss— G " (11)

ey [nss—SOf_]—i—[NO;]

20083 A T2 Fgol A NHs, CaCOsoll €3 F3lelats Ao 2o o8 7
At ar, 1 AyE Table 109 539 th Table 109 Ay} o] AFA4
ol Al NHs, CaCOsoll 93+ F38lelxbi= 7hzh 0.34, 0199 oz ZAFE AT
olH gt AR Mol AFA A oA AHEALS FE NHzek CaCOzell 23]

dojutar i, 53 NHzel o3 F37F 718 &8 JAFHNSe &9 & -

Table 10. Comparison of neutralization factors by NHs

and CaCOs in precipitation.
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nss-Ca®7F 0.460, CH;COO ¢ nss-Ca”7} 0473, HCOO ¢ NH, 7} 0.487,
CH3COO ¢} NHy 7} 0.5229] Z#AIFE B, thE Jol2EHTE T2 4974
Yol2E5F & A4S UeHUE EAS BT o= #7IAl Sol&e] EY
21749l nss-Ca®, B 7189 Ea A AAHE NH, 9 5352 907 4 4
2 EA%ta U= 7S dAlstE 2ot (Chebbi et al., 1996). 18] 31 7]
b gole3 NOs, nss—SOf AEE3e @752 w9, HCOO 3} NO; &
0508, HCOO 3 nss-SOs 2 0537, CHyCOO 3 NO; 2 0551, CH,COO 3}
nss-SOs” & 05869 AAAFE B, F714F ol A4 HAo] AEA v
A, dHAAE T3 2L A4 2ddd g8 FAHAS VA E S oV

Ru)

StoH(Kumar et al., 1993).
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Table 11. Cross correlation for ionic precipitation components.

+

Component NH, " Na’ K’ Mg® NOs; €I HCO; F  HCOO CHsCOO CH3SOs; nss—Ca® nss-SO4

H' 0428 -0218 -0.181 -0.196 0258 =0.192 -0583 0210 0.115 0254 -0.040 -0.056 0.382
NH,' 0482 0519 0511 0736 0484 0060 0.188  0.487 0522 0543 0519 0.943
Na' 0917 0990 0602 099 0516 0.064 0.321 0285 0478 0522 0.513
K' 0942 0644 0905 0548 0085 0.336 0316 0451 0561 0.600
Mg** 0628 0990 0482 0.077 0.335 0295 0491 0577 0.556
NO; 0590 0.172 0.163  0.508 0551 0540  0.700 0.856
Cr 0455 0.067 0.314 0276 0477 0510 0.510
HCO; -0.049  0.057 -0015 0165  0.321 0.096
F 0.220 0303  0.107  0.101 0.226
HCOO 0929 0393  0.460 0.537
CH;COO 0370  0.473 0.586
CH3SO3 0.555 0.572
nss-Ca”' 0.664
_sp
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Table 12. Results of Varimax factor matrix for the precipitation

components.

Components factor 1 factor 2 factor 3 factor 4 factor 5
H -0.13 0.13 0.08 0.92 0.12
NH,' 0.38 0.67 0.23 0.44 0.07
Na' 0.93 0.26 0.12 -0.15 0.01
K 0.89 0.32 0.13 -0.14 0.03
Mg” 0.93 0.30 0.12 -0.13 0.02
NOs3 0.47 0.67 0.29 0.23 0.03
Cl 0.94 0.24 0.11 -0.11 0.01
HCOs3 0.44 0.16 -0.04 -0.69 0.02
F 0.03 0.07 0.14 0.09 0.98
HCOO 0.15 0.26 0.93 0.02 0.06
CH3;COO 0.13 029 0.91 0.14 0.14
CH3503 0.20 o 0.13 -0.14 0.04
nss-Ca” 0.29 0.75 0.27 -0.19 0.01
nss-SOs~ 0.39 0.74 0.29 0.36 0.09
Eigenvalue 4.3 3.2 2.1 1.9 1.0

Variance (%) 30.7 22.6 15.0 13.2 7.3

Cummulated (%) 30.7 53.3 68.3 81.5 88.8
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Figure 16. 5-Day backward trajectories corresponding to high

(upper part) and low (lower part) 25% of nss-SO4s*

concentrations.
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Figure 17. 5-Day backward trajectories corresponding to high (upper part)

and low (lower part) 25% of NOs concentrations.
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Figure 18. 5-Day backward trajectories corresponding to high

(upper part) and low (lower part) 25% of nss-Ca®'

concentrations.
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